Although water-injection in mature reservoirs is a promising low-cost method of enhanced oil recovery (EOR), in the process of development in the oilfield, scale has been produced in water-injection pipe columns. The ability to prevent and control the deposition of scale is critical to the efficient recovery of crude oil from hard environments, as part of the broader discipline of ''flow assurance'' in the petroleum industry. To this end laboratory-scale deposition tests have been useful to understand scale deposition mechanism. The process, mechanism and the main type of the scale in water-injection pipe columns of the fifth plant of the Daqing Oilfield were analyzed. The effect of temperature on the possibility of carbonate calcium formation on oil recovery was investigated experimentally. One of the scale samples was characterized by electron spectroscopy and the results of the element analysis were investigated. Moreover, the precautionary and control measures of scaling in oilfield pipe column systems are proposed. ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction
After the economic limit for oil production by primary depletion has been reached, significant quantities of hydrocarbons can be left in the reservoir (Grattoni and Dawe, 2003) . As it is well known, no more than 10-20% of the original oil in place (OOIP) is produced by the primary oil recovery mecha-nism, whereas an additional 20-30% OOIP may be recovered through waterflooding, or similar methods (Jeong et al., 2011) . Water-injection recovery has been commonly adopted in the latter period of exploitation of the Daqing Oilfield to maintain reservoir pressure and enhance oil recovery.
Waterflooding may cause corrosion and scaling. Scale is deposition of inorganic minerals. Scale deposition occurs in reservoir and in production facilities (Sorbie and Macky, 2000) . Scale deposition has been a major problem and has been investigated by many researchers (Jordan et al., 2001; Graham et al., 2003; Collins and Jordan, 2003) . Scale causes corrosion, equipment damage, and flow restriction and therefore lowering the production rate. The mechanism of mineral scale formation and inhibition has been studied by Jordan et al. (2001) , Tomson et al. (2003) and Mackay et al. (2003) .
Scaling is usually associated with precipitation. It is recognized that precipitation does not necessarily lead to scaling, but scaling is often thought to result from precipitation followed by adhering of the precipitates to surrounding surfaces. Scaling which occurs at ambient pressures and static conditions may not necessarily occur at elevated pressure and dynamic flows, and vice versa. After displacing and commingling with the formation water in the immediate area of the injection well bore, the flood front moves radially away from the injection well, pushing the oil and formation water before it (Sorbie and Macky, 2000) . Most injection systems do not perform ideally and the injection flood front starts to break up and finger toward the producing well. Eventually, these fingers break through and the injected-water is co-produced with the formation water and oil. Formation water and injection water are also able to mix intimately in the vicinity of the production well and the production system. Any water incompatibility will manifest itself in this area (Salman et al., 2007) .
The change of pressure and temperature, unstable thermo dynamics and chemical incompatibility of the water (Moghadasi et al., 2004) cause contamination in well casing, well bottom, ground equipment and pipe columns. The above factors seriously affect oil production and increase the need for maintenance of pipe columns and equipment, the holistic benefits (Salman et al., 2007) . As to analyze the scaling mechanism for water-injection pipelines and the effect factors are not negligible questions for discussion in petroleum production and oil-gas-water treatment (Liu et al., 2009 ).
Experimental

Materials
The sample of injection water
There are four types of injection water in the fifth plant of Daqing Oilfield.
(1). Underground water (2). The oilfield produced water (ordinary sewage).
(3). The sewage with polymer. (4). The mixture of clear water and sewage.
The sample of scale
The test scales were obtained from the internal surface of the steel pipe, which was used as the water-injection pipe column in the fifth plant of Daqing Oilfield. The condition of the test scale was shown (Table 1) .
Methods
The analysis of the injection water
The content of ions such as CO 2À 3 , HCO À 3 , Ca 2+ , Mg 2+ , Fe 2+ , Fe 3+ , Na + , K + , Cl À , SO 2À 4 of the sample was investigated respectively. The methods are country standards (GB) and petroleum industry standards (SH). These methods were recounted detailedly in the SY5528-92, SY5329-88 and SY/ T5329-94 etc.
The analysis of the composition of the scale
To gain a better knowledge of the reason for scaling in the fifth plant of the Daqing Oilfield, the qualitative and the quantitative analyses were conducted to the deposition.
The scaling states and the phenomena with their dissolving in hydrochloric acid solution were observed in detail. The magnetism of the deposition was investigated.
To determine the composition of the deposition, the sale samples in block wells were quantificationally analyzed with chemical analysis, spectrophotometry and the atomic absorption spectroscopic method (AAS). The contents of the volatile components and organics were investigated with the combustion method.
To analyze the ultimate composition of the deposition the number 2 scale sample was investigated by electron spectroscopy.
Verify the tendency to form calcium carbonate
To verify the tendency to form calcium carbonate deposition, the concentration of calcium ion in the water sample under different temperatures and the variation were investigated.
Temperature is the main factor to affect scaling and corrosion of injection water. During the process of injection, there is a large temperature alter. Under the laboratory conditions, the temperature range of the injection well was simulated. The variation of scaling tendency with the wellbore temperature was investigated by means of the variation of the scaling ions.
Results and discussion
The analysis results of the injection water
Through the analysis of water quality (Table 2) it is found that:
(1) The content of Ca 2+ and Mg 2+ in sample 6 is high, whereas the content of HCO À 3 is low. It has a higher content of SO 2À 4 and a lower mineralization. (2) Relative to the clear water in water sample 6 the sewage water has a lower content of Ca 2+ and Mg 2+ , a higher content of HCO À 3 and three times around mineralization.
(3) The content of Cl À is high and leaning alkalinity. (4) The whole water sample content of iron is low and the concentration of the total iron is less than 0.3 mg/L. The HCO À 3 takes a large advantage in the medium pH. Therefore a higher pH tends to form more precipitation of calcium carbonate. One of the reasons to form calcium carbonate deposition is the pH of injection water which is at a range between 7.5 and 9 in the fifth plant. Table 3 that the content of mud is lower (less than 3%). It is demonstrated that the suspended solid is not the main reason to scaling. The low content of calcium carbon-ate indicated that calcium carbonate is not the main scale formation. The deposition shows a high content of iron and sulfur. (See Table 4 ).
The components of the deposition
It is indicated in
Effects of temperature on the concentration of calcium ion
From Fig. 1-7 we could conclude that:
(1) The variation of the concentration of Ca 2+ , Mg 2+ in water sample 6 with the temperature was particularly obvious. When it is raised to 25°C-45°C, the concentration of Ca 2+ was reduced from 78.55 mg/L to 53.95 mg/L. When it is raised to 45°C-50°C, the concentration of Ca 2+ was reduced to 25.03 mg/L. It is indicated that the calcium carbonate deposition Figure 1 The variation of the concentration of Ca 2+ and Mg 2+ with the temperature in water sample 1. was serious if the clear water was adopted as injection water, especially under higher temperature (45°C-50°C).
(2) The variation of the concentration of Ca 2+ in water sample 7 whose injection water is the sewage which contains polymer with the temperature (below 45°C) was not obvious. Compared with other injection water, when raised to 50°C, it shows a more sharp reduction to the concentration of the Ca 2+ , from 17.9 mg/L to 10.3 mg/L. It is indicated that it is more likely to form scale under high temperature if the sewage which contains polymer was used as injection water.
(3) Among the others water samples the variation of the concentration of Ca 2+ with the temperature was not particularly obvious. It is declared that the main type of deposition is not calcium carbonate. (Fig. 8 ) 
Conclusions
(1) The main components of the scale sample are iron compounds, little calcium, little magnesium compounds and some organic compounds. It shows that the water-injection pipe columns have a heavy corrosion. Pipe columns (2) When the injection water is common sewage or a mixture of clear water and sewage, the deposition shows rusty sheets or drossy, the main components of the scale are the oxides of iron and bits of iron sulfides. (3) It can be concluded that the injection water has a very low content of the iron ion. As a result of the high content of iron, it shows a small probability to form the deposition directly by these ions in the water. (4) It was proved that the scaling in injection well mainly caused by the corrosion of the dissolved O2, H2S, CO2 and many kinds of bacteria and dissolved salts has a very low content of the iron ion
